The objective of this paper is to evaluate the impact of high food prices during the 2006-2008 food crisis period on the welfare of households in the Sultanate of Oman. The welfare impacts of price changes are estimated using the Hicksian compensating variation (CV) methodology. The compensating variation was estimated for 4 different income household groups as well as two location groups (urban-rural). Results suggest that all household groups suffered welfare losses due to the food crisis. On average, Omani households need to be compensated about 10.3% of their income for the price increase they experienced during the 2006-2008 period. Rural households are more affected than urban households with a required compensation of 12.4% and 9.87%, respectively. In all cases most of the impact is felt on the first round where no consumption adjustment is made; the second round effect is comparatively small compared to the first-order effect. Total compensation required to compensate all households amounts to O.R. 266 M, that is, a 1.14% of GDP, whereas a compensation targeted to the low-income quartile amounts only to O.R. 26.7 M representing 0.1% of GDP.
Background
The sharp increase in global food prices in recent years has raised serious concerns over the welfare and nutritional status of many people around the world. Unlike the previous episodes of price hikes, the recent food crisis (2006) (2007) (2008) (2009) was long lived and has touched nearly all food commodities.
In a postcrisis reaction, countries have typically responded to the price surge by using a combination of trade and price policies designated to enhance the purchasing power of consumers. These policies ranged from tariff elimination and exports bans to universal food subsidies, price fixing, and other food and income safety nets [1] . Whilst these policies have helped to attenuate somehow the negative effects of the food price surge on low-income households, they are in most cases nontargeted and therefore not cost effective [2] . Universal food subsidies and price controls in particular are associated with unsustainable budgetary costs, distortion in trade, and production and development of black markets. In addition their benefits are highly biased toward high income consumers and therefore not equitable [3, 4] . The design and implementation of targeted policies, however, are quite demanding in terms of information related to food consumption patterns and household behavior in the face of price movements. In addition, information on the effects of price changes and the channels through which these effects are occurring are important to know in order to design the appropriate policy responses.
The objective of this paper is to evaluate the impact of high food prices on household welfare in Oman during the 2006-2008 food crisis period. The impact evaluation is useful to provide the behavioral information required to design targeted response policies to high price, such as cash transfers. Because of its high dependence on food imports, Oman has experienced one of the highest domestic food inflation rates in the Middle East during the food crises 2 Economics Research International period that has heavily impacted low-income consumers. In response to the price increase, Oman has fixed the price of all rice brands, sugar, and wheat that are available through the Public Authority for Stores and Food Reserves [5] 1 . In addition the Public Authority for Stores and Food Reserves (PASFR) has increased its strategic food stocks to cover an extended period of national consumption (2 years for rice and 1 year for sugar) and invested in the operation of new sale outlets. The increasing role that the PSAR is expected to play in stabilizing food prices and insuring food security will put a heavy pressure on the government budgetary cost in the face of continuous increases in global food prices. The design of new schemes of food distribution and subsidies that are targeted to those who are more affected by the price surge (i.e., direct monetary transfers, food stamps, or other forms of compensation) would help in insuring the sustainability of the PASFR food distribution system.
The household welfare impact of price changes will be evaluated using the Hicksian compensating variation (CV) methodology. The compensating variation measures the changes in money income or expenditure required to maintain a constant utility after the change in prices. In a policy context, it represents the money transfer required to compensate households for the inflationary pressure that occurred during a particular period of time.
Section 2 of the paper will present the methodology used to estimate the compensating variation and discuss the data issues, Section 3 will overview the household expenditure and income survey, Section 4 will describe the household consumption pattern in Oman, Section 5 will present and discuss the results, and Section 6 will conclude.
Methods
The welfare impact of food price changes on households can be measured in monetary terms by the concept of compensating variation (CV) introduced by Hicks and developed by Deaton and Muellbauer [6] . It has then been used and applied in many empirical studies including more recently Ackah and Appleton [7] , Ivanic and Martin [8] , and Dessus et al. [9] . The compensating variation measures the changes in money income or expenditure (⋅) required to maintain a constant utility (the initial level of utility) after the change in prices; that is,
where 1 and 0 represent a vector of prices after the food crisis and before the food crisis and 0 is the household utility before the food crisis. The expenditure function (⋅) represents the minimum expenditure required by the household to achieve a specific level of utility at price level . In a policy context, the CV represents the money transfer required to compensate households for the inflationary pressure that occurred during a given period. It provides a measurement on how well or worse off the consumers are in response to the changes in prices during a specified period of time.
The CV can be approximated by a second-order Taylor expansion of the minimum expenditure function as [10] 
where is the budget share of commodity before the food crisis Δ ln approximates the proportional change in the price of commodity and * is the compensated price elasticity of commodity with respect to the price change of good . The first part in (2) represents the first round effect of the price change, that is, the effect on welfare before the household makes any adjustments in response to the price change, therefore disregarding substitution effects in consumption. The second term represents the second round effects, where the household had enough time to make substitution adjustments to the price change [7] . The compensated price elasticities (Hicksian elasticities) * are derived using the following formula [11] :
where is the uncompensated price elasticity (Marshallian elasticities), is the expenditure elasticity, and is the budget share of the various commodities included in the study.
The information needed to estimate the welfare effects (2) requires the knowledge of (a) the budget shares, (b) the magnitude of the price changes during the food crises period, and (c) the expenditure and price elasticities. Budget shares for individual commodities are obtained from the Household Expenditure and Income Survey (HEIS) conducted by the Omani Ministry of National Economy during the period 2007-2008. Expenditure elasticities for 4 different income groups are obtained using the HEIS data and estimating a system of Engle share equations augmented with household characteristics 2 ( Table 1 ). The HEIS covers 8 regions of the Sultanate of Oman and has records on food and nonfood expenditure of 6800 households (Omani and expatriate) along with their demographic and income characteristics 3 . Estimating price elasticities from household surveys is however problematic because of the lack of price variability in the data (cross sectional data). Deaton [12] developed a method that yields consistent price elasticities using information on unit values and quantities. However the information on quantities consumed at the household level is missing from the Omani HEIS survey. Therefore and because of this limitation, estimates of price elasticities are obtained from the literature [13] [14] [15] (Table 2) .
The last ingredient to estimate (2) is the price variation during the food crisis period. We used the change in the consumer price index (CPI) for various commodities from 2006 to 2008 to reflect this variation ( Table 3) . As Oman is an open economy with little trade barriers, the change in the CPI reflects the change in the global commodity prices. Table 4 and uncompensated price elasticities from the literature. The bold diagonal numbers are own price elasticities.
Overview of the Household Expenditure Survey in Oman
The main purpose of the national household expenditure survey was to evaluate the consumption and the welfare (standard of living) of the country population. Welfare measurements include income or total expenditure and consumption of food and nonfood items. The methodology used in conducting the survey was based on the UN National Household Survey programs as well as the World Bank's living standard measurement survey programs. In Oman, the Ministry of National Economy carried out the first survey in May 1999, which continued for one year. The second survey was conducted in 2006-2007 and then in 2007-2008. According to the Ministry of National Economy, the reasons for conducting the survey annually is to provide a more realistic data, less affected by the yearly fluctuation, and to monitor the change that might occur due to external shocks, such as oil prices. The sampling methodology is basically to use a random sample representing the community within the Sultanate, drawn from the latest population census. The sample consists of 12 partial representative samples, one in each month. Each household was requested to record consumption and expenditure during a whole month. The survey consists of Nationals and expatriate living in all governorates and regions of the Sultanate.
In the latest survey, 250 counting areas of the total counting areas in the sultanate have been selected, representing 4759 households of which 3190 are Omanis and 1469 nonOmanis. As such, the survey was considered as representative of all months and all households in the Sultanate of Oman [16] .
In this paper, the 1999-2000 survey data is used to estimate the budget shares equations and determine income elasticties 4 . However, price changes as well estimates of commodity budgets shares of the 2008 household surveys are used in estimating welfare effects of the 2007-2008 food crisis. 5 . The main items in the food basket were meat and poultry, restaurants food, cereals, and dairy products which constitute, respectively, 16.4%, 15.5%, 12.3%, and 10.4% of the total food consumption. Note the large increase in relative expenditure on food away from home (restaurant food) in 2008 (15.46%) compared to (8.95%) in 2000. Relative consumption of food from own production has declined from 7% to 4.14% as well relative cereal consumption from (13.1% to 12.3%). These changes in the food consumption pattern in Oman are compatible with global trends as a result of income growth and urbanization. Table 5 shows that in 2008 monthly rural household food consumption amounts to 154 Rials compared to 138.4 Rials for urban households. The proportion of total expenditure spent on food is much higher for rural households compared to urban households. This difference reflects the higher income and the higher access to nonfood consumption in the urban areas relative to rural areas. Again this is consistent with the Engel law, which states that poor households spend a higher proportion of their income on food. We should also notice that this proportion has declined over time for both rural and urban households. The comparison of the food basket composition in 2008 shows that rural households consume proportionally more cereals (13.3% compared to 11.9%), more meat (17.3% against 16%), and more food from own production (14.2 against 3%). On the other side we notice that urban households consume proportionally more dairy products (10.9% against 9%), more food away from home (17% against 11.5%), and slightly more beverage. Over time the food basket composition has not changed much except for "food from restaurants" category in which the proportion has increased substantially for both rural (from 4.6% in 2000 to 11.5% in 2008) and urban households (from 10.5% in 2000 to 17% in 2008). We also notice that rural households depend for their food much more on the market than before as the proportion of food from "own production" declined substantially from 15.2% in 2000 to 9.2% in 2008.
Household Food Consumption Patterns in Oman

Results and Discussion
Equation (2) is used to assess the welfare consequences of the price changes during the food price crisis (2006) (2007) (2008) . Equation (2) permits to estimate the first round effect of the price increase (first term of (2)) as well as the second round effect, which considers household behavioral responses to the price changes (second term of the equation). The first round effect assumes that consumers do not change their consumption patterns in response to the price change (equivalent to assuming that all price elasticties are zero); this effect will depend only on the current budget shares and the level of price changes. The second effect is much more dynamic (as opposed to the static first round effect) where consumers substitute cheaper products for more expensive ones and accordingly change their consumption patterns. We estimated the compensating variation for different population groups so as to recognize the differential impacts of the price change on these groups. Results are shown in Table 6 . The figures represent the total transfer required to compensate households for the price changes they faced during the food crisis as a percentage of their initial total expenditure. Table 3 shows the compensating variation for all households as well as for rural and urban households and 4 different income groups. Results suggested that all household groups suffered welfare losses due to the food crisis. On average, Omani households need to be compensated about 10.3% of their income for the price increase they experienced during the 2006-2008 period. The impact is felt differently by different household groups. Rural households are more affected than urban households as the compensation required amounts to around 12.45% compared to 9.77% for urban households. Note also that most of the impact is felt in the first round where no consumption adjustment is made; the second round effect is comparatively small to the first-order effect. The reason for this discrepancy is that little substitution occurred in consumption because the price increase has touched almost all commodities in the household basket. This result is quite different from those found in Ackah and Appleton [7] where the full effect is much smaller than the first-order effect in the particular setting of African countries. This can be explained by the fact that the analysis in Ackah and Appleton is concerned by the price changes during the 6 Economics Research International 1990s where actually the price of some commodities has increased while some others declined providing a room for substitution and a big change in consumption patterns.
Results by income quartile show that low-income household suffered slightly more from the food crisis than highincome groups, requiring targeted compensation policies that take into consideration these differential impacts.
Considering that the average monthly household consumption expenditure is around 495 Omani Rials (O.R.) and the number of households in Oman is 449639 (The Ministry of National Economy, 2012) the total annual amount of the compensation needed to compensate all households amounts to 266.6 Million Omani Rials. This figure represents 1.14% of the GDP which is still in the low range of subsidy figures that countries in the Middle East and North African region (MENA) have spent on food during the food crisis period. For example, in 2008, food subsidies ranged between 0.8% of GDP in Morocco, 1.8% in Egypt, 2.1% in Tunisia, 2.8% in Syria, and 3.5% in Iraq [2] .
A targeted compensation strategy would however provide compensation mainly for those households who are in the low-income bracket. According to the household expenditure and income survey, monthly household l expenditure of the 1st quartile amounts to O.R. 175 Omani Rials [16] and, given our estimate of the needed compensation for this quartile (11.3%), the total annual compensation required amounts to O.R. 26.65 Million which represents only 0.1% of GDP.
Conclusion
The objective of the paper was to evaluate the impact of high food prices during the 2006-2008 food crisis period on the welfare of households in the Sultanate of Oman. The paper used a partial equilibrium approach to trace out the effects of price changes, through the estimation of Hicksian compensating variation. Results suggested that all household groups suffered welfare losses due to the food crisis. On average, Omani households need to be compensated about 10.3% of their income for the price increase they experienced during the 2006-2008 period. Rural households are more affected than urban households, requiring a compensation of 12.45% compared to 9.77% for urban households. In addition low-income groups are more affected than highincome groups, requiring targeted compensation policies.
The total compensation required to compensate all households amounts to O.R. 266.6 M representing about 1.14% of GDP. However if only the low income quartile receives compensation, the targeted transfer amounts to O.R. 26.65 M representing 0.1% of GDP. Despite the lack of data to estimate compensation for more refined income groups, the method presented in this paper as well as the results can serve as a basis for the Omani government to design food safety net policies that compensate consumers according to their welfare loss during food crisis periods.
The study has been limited to the consumption side ignoring the supply side adjustments to price changes, including household income as well as the price-wage relationship. Some food producers may have gained from the price increase but food production in Oman constitutes a small proportion of total consumption and therefore any gain incurred from the price increase would be limited. These aspects are left for further research. In addition, this paper did not tackle the issue of the impact of rising food prices on poverty. Absolute poverty in Oman is not widespread and income distribution has improved significantly during the last decade (Gini coefficient changed from 46.49 to 36.35 from 2000 to 2008). Absolute poverty defined as the lack of access to a least-cost diet has been estimated in a separate study 6 to be around 8.6% in 2008 compared to 6.4% in 2006, a change due to the price hike during that period. Further analysis however is needed at the household level to explore this issue in more details using more refined indictors other than head counts.
